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Abstract
Weakly interacting massive particle (WIMP) as a dark matter (DM) candidate is further inspired by recent AMS-
02 data, which conﬁrm the excess of positron fraction observed earlier by PAMELA and Fermi-LAT experiments.
Additionally, the excess of positron+electron ﬂux is still signiﬁcant in the measurement of Fermi-LAT. For solving
the problem of massive neutrinos and observed excess of cosmic-ray by DM annihilation, we study the model with
an inert Higgs doublet (IHD) in the framework of type-II seesaw mechanism by imposing a Z2 symmetry on the IHD,
where the lightest particle of IHD is the DM candidate while the neutrino masses origin from the Higgs triplet in
type-II seesaw model. We calculate the cosmic-ray production in our model and ﬁnd that if leptonic triplet decays
are dominant, the observed excess of positron/electron ﬂux could be explained well in normal ordered neutrino mass
spectrum, when the constraints of DM relic density and comic-ray antiproton spectrum are taken into account.
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1. Introduction
There are two strong indication of the existence of
new physics: one is the observation of neutrino oscilla-
tions leading to massive neutrinos [1], and another one
is the astrophysical evidence of dark matter(DM). The
potential DM signals have been observed by the indi-
rect detection such that the results measured by AMS-
02 [3] have conﬁrmed the excess of positron fraction
which was observed earlier by PAMELA [4] and Fermi-
LAT [5] experiments(recently AMS-02 published new
results [7, 8]). Motivated by these issues, we consider
the model accommodating neutrino mass and DM [9].
We add Z2 symmetry in the Standard Model(SM) where
all SM particles are even under the Z2. We then in-
troduce new Higgs doublet and Higgs triplet which are
Z2 odd and even respectively. The Z2 odd doublet cor-
responds to the inert Higgs doublet(IHD) providing a
DM candidate [10, 11], and Higgs triplet leads neutrino
mass via Type-II seesaw mechanism [12]. In this study,
we investigate new interactions in the model and search
for the paramter region which can explain excess of the
cosmic-ray as well as DM relic density.
2. Inert Higgs doublet with type-II seesaw
We extend the SM introducing discrete Z2 symmetry,
scalar SU(2) doublet Φ with hypercharge Y = 1, and
scalar SU(2) triplet Δ with hypercharge Y = 2. The SM
particles and Δ are all Z2 even and Φ is Z2 odd. Thus
the lightest particle from inert doublet Φ is stable and
can be DM candidate when it is neutral. The triplet Δ
have Yukawa interaction with lepton doublets, and pro-
vide neutrino mass after electroweak symmetry break-
ing, known as Type-II seesaw mechanism.
The new gauge interactions, new Yukawa couplings
and scalar potential are written such that
LNP =(DμΦ)†DμΦ + (DμΔ)†DμΔ
−
[
1
2
LTChiσ2ΔPLL + h.c.
]
− V(H,Φ,Δ) , (1)
where we have suppressed the ﬂavor indices in Yukawa
sector, h denotes the 3 × 3 Yukawa matrix, PL = (1 −
γ5)/2, LT = (ν, ) is the lepton doublet, σ2 is the second
Pauli matrix and C = iγ0γ2. The new scalar ﬁelds are
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written as
Φ =
(
H+
(S + iA)/
√
2
)
,
Δ =
(
δ+/
√
2 δ++
(vΔ + δ0 + iη0)/
√
2 −δ+/√2
)
, (2)
where vΔ is the VEV of triplet and S is our DM can-
didate. As in the Type-II seesaw models, the value of
vΔ is constrained by the ρ-parameter which is given by,
at tree level, ρ  (1 + 2v2
Δ
/v20)/(1 + 4v
2
Δ
/v20) . Taking
the current precision measurement for ρ-parameter to be
ρ = 1.0004+0.0003−0.0004 [1], we get vΔ < 3.4 GeV when 2σ er-
rors is taken into account. The value of triplet VEV de-
termines the decay pattern of triplet Higgs bosons where
they decay into dilepton(diboson) modes for vΔ  (
)10−4 GeV. In our analysis, we assume triplet Higgs
bosons decays 100% into leptons.
The neutrino mass matrices are obtained such
that h = (
√
2/vΔ)U∗PMNSm
dia
ν U
†
PMNS, where m
dia
ν =
diag(m1,m2,m3), mis are the physical masses of neu-
trinos and UPMNS is the PMNS matrix. We have several
possible mass pattern of neutrinos such as normal order-
ing(NO) (m1 < m2 < m3), inverted ordering(IO) (m3 <
m2 < m1), and quasi-degeneracy(QD)(m1 ∼ m2 ∼ m3).
In this proceeding, we show results for NO case which
is most promising to reproduce the observed data.
Finally we discuss parameter setting in our analysis.
The interactions which we consider are four-point cou-
plings of two-Φs and two-Δs, and three-point couplings
of two-Φ and one-Δ. The former includes two coupling
constants χA and χB, while the latter is determined by
massive coupling μ2. We thus take these parameters as
input in following analysis. Furthermore, we assume
negligible coupling between SM Higgs and inert dou-
blet. For simplifying our numerical analysis, we adopt
following mass relations
mS =mA − 1 GeV ,mH± = mA ,
mδ±± =mδ± = mδ0 ≡ mδ = 500 GeV . (3)
where mXs are the masses of particle X. Note that
the ﬁrst two relations, requiring degenerate inert Higgs
masses, suppress the gauge interactions of inert Higgs
for heavy mass region. For more detailed discussion of
the model, see the Ref. [9].
3. Relic Density and Cosmic-Ray ﬂuxes
In this section, we discuss the relic density and cos-
mic ray ﬂuxes from DM annihilation in our model. The
processes of our interest are DM annihilation into triplet
Figure 1: The allowed region in scenario-Ia,c and scenario-II when
Ωh2 is satisﬁed. Left panel denotes the correlation between mS and
χA(χB) in scheme Ia(c). The Schemes Ia and Ic have the same results,
and the results of scheme Ib is also similar.
Higgs bosons which further decays into leptons. In our
analysis, we consider scenarios I and II where the for-
mer is s-channel dominant and latter is t-channel dom-
inant. These scenarios depend on the parameter sets
{mS , χA, χB} and {mS , μ2} respectively. For scenario-
I, we further consider three cases as follows : (Ia)
χA  χB ≈ 0, (Ib) χA = χB and (Ic) χA ≈ 0  χB.
We ﬁrst constrain the parameters so that the observed
relic density of DM is explained. We then estimate
the cosmic-ray ﬂuxes of anti-proton, positrons and elec-
trons. Usually we need boost factor(BF) to enhance cur-
rent DM annihilation cross section to explain the excess
of cosmic-rays. We introduce BF as a parameter and it
is constrained by anti-proton ﬂux data.
The relic density of DM S is determined by the
thermally-averaged cross sections of (co)annihilation
processes. For numerical calculations, we use
micrOMEGAs [13] to estimate the relic density by im-
plementing our model. The relic density of S is re-
quired to satisfy 90% CL(conﬁdence level) range of ob-
served value such as 0.1159 ≤ Ωh2 ≤ 0.1215 [14].
For scenario-I, we consider three cases based on rela-
tive magnitude of χA and χB. We then ﬁnd that the O(1)
value of χA,B can explain the observed relic density for
DM mass of order TeV. For scenario II, we ﬁnd that the
parameter μ2 should be same order as DM mass mS to
provide right relic density.
The BF can not be arbitrary and we need to investi-
gate the limit by the observed value. Our model pro-
vides anti-proton ﬂux from DM annihilation into WW
and ZZ via gauge interaction. Using micrOMEGAs, we
estimate the ﬂux taking into account the galactic prop-
agation of charged particles and solar modulation, and
compare with the experimental data [15, 16] to obtain
the limit of BF. As a result we estimated upper limit of
BF as {30, 500, 1800, 4500} for DM mass of {1, 2, 3, 4}
TeV respectively.
We then investigate the inﬂuence of DM annihila-
tion on the positron/electron ﬂux taking into account
limit of BF. We then need to know the background
contribution of primary and secondary positrons. In
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Figure 2: The positron+electron spectrum for normal ordered neutrino
masses, where we have used mS = 3000 GeV and boost factor BF =
1500. The thick solid line is the cosmic-ray background. In the ﬁgure,
we quote the data of PAMELA [6] and Fermi-LAT [19].
Figure 3: The positron fraction, where the settings are same as
electron-positron ﬂux of Fig. 2. In the ﬁgure, we quote the data of
PAMELA [4], Fermi-LAT [5] and AMS02 [3].
our numerical calculation, we apply the following ﬁt-
ting functions for primary (secondary) cosmic ray ﬂuxes
Φprim(sec) given in Refs. [17, 18], where unit of ﬂux is
[GeV−1cm−2s−1sr−1]. The total electron and positron
ﬂuxes are thus given by Φe− = κΦ
prim
e− +Φ
sec
e− +Φ
DM
e− , and
Φe+ = Φ
sec
e+ +Φ
DM
e+ where Φ
DM
e−(+) is the electron(positron)
ﬂux from DM annihilations. Note that the normaliza-
tion of the primary electron ﬂux is parametrized by the
parameter κ where we take κ = 0.78 in our analysis.
We calculate E3(Φe+ + Φe− ) and Φe+/(Φe+ + Φe− ) as
functions of energy in the normal ordering case for each
scenarios discussed above. The Figs. 2 and 3 show the
results for mS = 3000 GeV and BF = 1500 as reference
values. The solid, dotted, dashed and dash-dotted lines
in turn denote the scenarios-Ia, -Ib, -Ic and -II respec-
tively, and the thick solid line is the cosmic-ray back-
ground. We ﬁnd that the contributions of scenario-Ic and
scenario-II are much smaller than data due to small ratio
of charged triplet Higgs mode in annihilation processes,
while scenario-Ia and -Ib can give ﬂuxes reproducing the
observed value closely. The case of other mass pattern
of neutrinos and analysis of neutrino ﬂux are discussed
in Ref. [9].
4. Summary and discussions
We proposed the model which have inert Higgs dou-
blet and Higgs triplet. The IHD provides the dark matter
candidate. The Higgs triplet gives neutrino masses via
triplet VEV: Type-II seesaw mechanism. We investi-
gated the parameter region where new interaction of the
model is dominant. Especially, we search for the possi-
bility to accommodate relic density of the DM, neutrino
masses, observed excess of positron/electron ﬂux and
positron fraction.
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